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SCENARIO

A GLIMPSE OF MINNESOTA'S

ENERGY FUTURE
Scenario prepared by DEAN E. ABRAHAMSON, Associate Professor, School of
Public Affairs, and Director of the Center for Studies of Physical Environment,
Member of Ford Foundation Project on Energy Policy, and STEVEN EM MINGS.
Assistant Scientist.
The significance of energy in the life of every
Minnesotan cannot be understated. Just as the flow of
energy through an ecological system serves to
characterize it, so it is in an industrial system. The availability and use of energy in virtually every hum;in
activity is essential. The history of energy use in
Minnesota from pioneer days to the present is a
fascinating story. Those who have participated in the
growth in energy consumption during recent years
associated with such things as the conversion from blackand-white TV to color, from "ordinary" refrigerators to
"frost-free" refrigerators, or from automobiles getting
over twenty miles-per-gallon to those getting ten, may
have difficulty in understanding the profound differences
in life-style associated with the growth in energy
consumption over the first decades of this century.
We are now confronting what is sometimes called an
energy "crisis" which can be characterized as shortages of
modest dimensions in the sho~t run and the inability to
maintain historic growth rates in the longer term. In this
brief background paper there is not the space to even
outline all of the dimensions of the current energy
situation, say' nothing of the alternatives open to us in
the future. What follows attempts to set forth some
general features of the energy situation, to review briefly
the past and current energy use in Minnesota, and to
comment on some aspects of Minnesota's energy future.
This paper draws heavily on several other works, two
of which should be of particular interest to anyone
having more than casual interest in energy policy for
Minnesota. They are: (I) Energy Policy Project of the
Ford Foundation, Exploring Energy Choices, March
1974. and (2) Dean E. Abrahamson, Minnesota: A
Primer On Energy Options and Implications, April 1974.
Both of these reports, and a few others are fully
referenced in the Appendix.

GENERAL CONSIDERATIONS
It is important to note, at the outset, that the energy
situation in Minnesota cannot be addressed in isolation
from the situation in the Upper Midwest or the Nation.
This interrelationship is underlined by the fact that
Minnesota has no coal, oil, or natural gas deposits; has
been, in recent years, a net importer of electricity; and
receives virtually all of its crude oil supply from Canada.
Decisions made by other states, · by the federal
government, and by foreign nations will affect
Minnesota; decisions made in Minnesota will affect other
states and have influence in the decisions of the federal
government.
Space considerations preclude all but the most cursory
exposition of the context within which Minnesota's
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situation must be viewed. Although there might be some
quibbling about details, the following should be
acceptable to virtually all observers of the national
energy situation:
• Total energy use has been growing at between 4
and 5 percent per year, leading to doubling times
of about 15 years.
• Electricity consumption has been growing at
about 7 or 8 percent per year, leading to doubling
times of about ten years.
• The conventional view of our energy future is that
these growth rates will be maintained. It is
assumed by many that growth in standard of
living and that economic growth requires that
there be vigorous growth in energy consumption.
• There are alternative patterns of energy growth.
Major energy savings are possible, for example,
through shifts to more efficient technologies· of
energy use, through the development of our
central cities, or through conversion to other
transportation systems.
• At present over 75% of our energy is derived from
oil and natural gas. It would be difficult to shift to
other fuels in a short time period.
• World reserves of oil and natural gas are sufficient
to supply foreseeable demands for many decades.
There are however, serious problems, both
political and economic, associated with importing
large quantities of these fuels.
• Domestic production of oil and natural gas has
peaked and is now decreasing. Estimates vary
widely as to the extent that domestic production
of oil and natural gas might increase. It is highly
unlikely that increases in production could be
realized in less than three to five years, if at all.
• The U.S. has large reserves of coal and oil shale,
sufficient to supply our needs for hundreds of
years. There are very serious environmental and
occupational hazards associated with the use of
these fuels, in addition to problems of land and
water use.
• Nuclear power is at present providing only about
one percent of our energy supply. The AEC and
its associated industries are projecting that by the
year 2000 nuclear power will provide about half of
the electrical supply, or about a quarter of the
total energy supply, for the U.S.
• Commitment to nuclear energy is an ethical
decision. Nuclear energy carries with it hazards
having an enormous potential for societal
disruption (nuclear accidents, deliberate attempts
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at disruption, and proliferation of nuclear
weapons). The nuclear establishment agrues that
these hazards, while real, have such a remote
probability of occurring that they can be managed
or tolerated. Nuclear critics argue that they are of
sufficient gravity to justify a ban on the further
use of nuclear power.
There is a great eventual potential for alternative
energy supplies, particularly for solar energy.
These energy sources are unlikely, however, to
contribute a major fraction of our total supply in
less than a decade; and at present levels of
development support, and with the present
structure of our institutions, it will be longer than
that.
There is little reason to expect that energy will be
cheap again for many years, if ever. In the near
term we can look forward to increasing scarcity
and rising energy prices.
Technical means are available to substantially
reduce our energy consumption, without changing
our basic way of life. There have been, few
attempts to create situations that would encourage
employment of these energy-conserving
technologies.
There are significant differences in energy
consumption and supply patterns between regions
of the U.S. and between states within a region.
These differences could result in differential
impacts of scarcity and also suggest that there will
be differences in the roles for states in the
formulation and management of energy policy.

PRESENT ENERGY USE IN MINNESOTA
Minnesota's energy use, as that of the nation, has been
steadily increasing, Figure I. Per capita energy use in
Minnesota is only about 84% of the national average. In
1971, Minnesota's population was 1.88% of the nation's,
but Minnesota energy use was only 1.58% of the total
national energy use. These may be significant differences
in shaping Minnesota's response to energy scarcity.
Although detailed studies would be necessary to support
the conclusion, it appears that in spite of our large
energy needs for heating, Minnesota's overall economy is
less energy-intensive than that of the nation as a whole.
Although the fuel mix in Minnesota is known with
reasonable accuracy, few data are availa.ble on end uses
of energy.
National

Regional

Percent
24. 2
13. l
2. 4
3 .6
0. 7
2.0
46.0
17 .3
34.4
1.0
1.3

Ave. %

Ave. %

44.6
17 .5
33.3
4.0
0 .6

39. 7
16.2
40.9
3.0
0.2

100.0

100.0

100.0

Minnesota
Btu (1012)
Energy Form
253 .9
Gasoline
138.5
Distillate oil
17 .5
Residual oil
37 .8
LPG
7 .9
Keros i ne
21.0
Jet fuel
484. 7
TOTAL PETROLEUM
1e2. 9
Coal
362. 7
Natural gas
10.9
Hydroe l ec tri c
13.3
Nuclear
1,046.4
TOTAL ENERGY

went to the production of electricity; in Minnesota it was·
21.6%. Only approximately 30% of that energy, however,
appears as useful electricity at the wall-plug; the balance
- approximately 70% of the total fuel burned for the
production of electricity - appears as waste heat either
at the power plant or in transmission. The thermal
efficiency of the average steam-electric generating plant is
about 34% (that of a new fossil fuel plant is about 38%),
and losses in transmission and distribution are about
I0% of the net output of the generating plants. Hence; as
useful energy at point of end use, electricity supplies
about 6.4% of Minnesota's energy use. In most
applications, a very high fraction -of this electricity is
converted to useful work. Other fuels are used, often
with low efficiency, but without the conversion process
which characterizes the production of electricity.
The bulk of Minnesota's electricity is now produced
from coal, Figure I. Northern States Power Company's
projections forecast that nuclear power will grow faster
for their system than for the nation as a whole; it is
projected that by 1983 the production of electricity will
be based upon a virtually equal mix of nuclear fission
and coal. Although the use of natural gas for electricity
production has increased rapidly since about 1945, no
natural gas is expected to be available for this use after
I978. Minnesota has a small potential for increased
hydroelectric generation m a large number of
individually small sites.
The variation in electricity sales over the year has
changed significantly over the past decade. In 1960,
electrical sales in Minnesota varied by only about 12%
from the seasonal low to the peak, and the summer and
winter peaks were virtually identical. By 1970, the total
seasonal variation was in excess of 18% and the summer
peak exceeded the winer peak by more than 7%.
Although few data are available on end uses of electricity in Minnesota, this shift probably is a reflection of
a shift to building practices which fail to take full
advantage of natural cooling and ventilation
opportunities and instead require the substitution of air
conditioning and mechanical ventilation at all seasons.

MINNESOTA ENERGY TOTAL AND MIX, l9J0-1971
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In 1970, 25% of the total fuels consumed in the U.S.
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Natural Gas

Natural gas supplies 47% of residential energy, 66% of
industrial, and 26% of electrical production in Minnesota ,
( 1971 ). About 59% of Minnesota's net receipts of natural
gas are from domestic sources, the balance being from
Canada. Natural gas use in Minnesota, as in other regions
f~r removed from production fields, has grown rapidly
since the development of pipelines in the late 1940's.
Natural gas is used primarily as a heating fuel in
Minnesota, and is sold to residential commercial and
industrial users. The residential users a;e about 9 I% ~f the
total number of customers, but consume only about 33% of
the gas sold.
. Natural gas receipts in Minnesota have grown rapidly
?ince the late l 940's, but are expected.to decrease beginning
in 1974. Northern Natural Gas Company, which provides
95% of the natural gas burned in Minnesota, plans to
reduce its sales in Minnesota beginning with the largevolume users. According to reports in the Minneapolis
Tribune, Northern Natural will reduce its system-wide
output in seven states, including Minnesota, by about
I 0% in 1974-1975, and further cut by 21 % in 1977, 26%
in 1979. These reductions result from decreasing
production from U.S. gas wells, coupled with an
anticipated reduction in supply available to Northern
Natural via its Canadian subsidiary, Consolidated
Natural Gas Co. The reductions will cause a massive
shift to oil, to the extent that is available, and to coal.
Coal

In I 971 Minnesota derived 18.1 % of its total energy from
coa_l, with~% of residential energy demand supplied, 18%
of industnal, and 62% of electrical generation. Of the
roughly eight million tons of coal consumed in Minnesota
in 1971, 77% was used by electric utilities, 6% by coke and
gas plants, and the balance by other small users. Coal is
moved into Minnesota via Lake Superior, by river barge,
and by railroad. In the past, the largest fraction of coal used
in Minnesota has come from the coal fields of the Midwest
primarily lllinois, and has arrived in Minnesota by rive;
barge. With the expansion of coal supplies from the Rocky
Mountain states and the Dakotas there has been a
dramatic shift to rail transport for the coal.
Petroleum Products

During the past two years there has been a good deal of
attention focused on petroleum, both crude oil and refined
petroleum products. Minnesota has contributed its share
to the increased demand for these fuels. Sales of both
distillate fuel oil (used for individual homes, schools, other
small users, and for electrical "peaking plants") and for
~esidual. fuel . oil (the heavy oil used only by large
installat10ns) increased dramatically between 1940 and
a_bout 1955_, and have increased somewhat more slowly
since that time. The reduced growth of these heating oils
since the early I 950's is a reflection of the increased availability of natural gas following the construction of interstate pipelines in the years following World War II.
The other principal fuel derived from crude oil, gasoline,
h'as shown a steady increase in Minnesota as a result of
growth in the demand associated with motor vehicles.
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Gasoline consumption also shows seasonal variation, as
would be expected in a state which supports a large tourist
industry. In 1972 the sales for the peak month, August,
were about 25% higher than in the spring months.
It has often been stated that Minnesota is "at the end of
the pipeline." To the extent that we depend on petroleum
products that are refined elsewhere and transported to
Minnesota that is true. However, Minnesota's three
refineries, which operate largely with Canadian crude oil
produce annually a quantity of gasoline which is equal to
over 57% of.Minnesota's annual consumption of gasoline.
But it must be kept in mind that we are on the end of the
crude _oil pipeline, too. As in the case of natural gas,
Canadian energy policy will impact Minnesota as it now
appears that Canada will decrease its exports of crude oil to
the U.S. by nearly half over the next three years.
Liquified Petroleum Gas (LPG)

Propane and butane are important fuels in Minnesota.
Although they account for only about 3.6% ( 1971) of total
energy use, they are often used when other fuels are not
~vailable, for example, for drying crops, for space heating
in areas not served by natural gas pipelines, and as backup
to natural gas for large commercial and industrial users
who have interruptible gas contracts. It would be difficult
to understand why there has been an apparent shortage of
propane for crop drying if one were to consider only the
total quantities of propane used for that purpose; of all
propane us~d in Minnesota, less than 3% is used for crop
dr~ing, equivalent to less than 0.1 % of total energy use in
:vtinnesota. The need for LPG for the drying of crops
illustrates a case where, although small total quantities of
fuel is •involved, it is extremely important that it be
available where and when it is needed.
MINNESOTA'S ENERGY FUTURE
It is impossible to predict the future development of
energy facilities or the course of energy consumption
~rowt~ in Minnesota. If sufficient assumptions are made, it
1s possible to roughly describe the future energy system in
Minnesota, but insufficient work has been done to date to
spell out in any detail the specific impacts of following any
one of the available energy options. At this time it is
possible only, with illustrative cases, to outline some of the
implications and give some indication of the magnitude of
the problems which could be facing Minnesota within the
next few years.
·
~(~nesota . will be impacted both by energy-related
act1v1t1e? which relate directly to her own energy
product10n and consumption, and by activities which are
associated with the production, conversion, transportation
and use of energy in other states. Within Minnesota there
will be expansion of all energy systems.

Electrical System

From published reports of Minnesota's utilities and
various federal agencies, it is possible to get some ictea of
t~e anticipated electrical power growth in Minnesota,
~1gure 2. The total sales of electricity is expected to
increase from 23 billion kilowatt-hours in 1972 to
something like 175 billion kilowatt-hours by the year 2000.
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Because of energy conservation programs, possible fuel
shortages, and the effects of increased energy prices, it is
highly doubtful that this projection will be realized.
Nonetheless it is instructive to examine the implications of
this growth which, until recently, was the accepted view of
the future.
Some additional assumptions are necessary before
anticipated consumption can be translated into things to
which one can more easily relate, e.g., number of power
plants, acres of land committed to power plants and
transmission lines, or increased air pollution. The most
basic assumption is that, on average, as much electricity
will be produced in Minnesota as is consumed in
Minnesota. It must be recognized that it could be
otherwise.
Some present developments could ultimately lead to the
situation in which Minnesota would consume more
electricity than is generated here. Because of Minnesota's
posture on nuclear power, it is conceivable that
Minnesota's utilities will site atomic power plants outside
of Minnesota to produce electricity for sale in Minnesota,
as NSP· has already done with their proposed nuclear
complex announced for Durand, Wisconsin. Likewise,
Minnesota's utilities.may turn increasingly to mine-mouth
electrical plants located in the Dakotas, Eastern Montana,
or Wyoming. Two of Minnesota's generation cooperatives,
the Cooperative Power Association and the United Power
Association, have announced plans to build such a unit. In
this case, a power plant located in North Dakota and
burning strip-mined lignite will transmit its electricity to
Minnesota using high-voltage transmission lines.
It is also possible that electricity production in
Minnesota would exceed consumption. For example,
production of electricity by mine-mouth plants could be
limited by availability of water in the West. Minnesota has
FIGUttE2

MINNESOTA ELECTRICITY CONSUMPTION, 1960 to 2000
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water, and there is an existing railroad system connecting
Minnesota with the western coal fields. Or, should the
nation find nuclear power acceptable and turn to the
development of large nuclear parks, the location of these
parks would be to a large extent fixed by the availability of
large quantities of cooling water. The first such nuclear
park has recently been proposed by the Atomic Energy
Commission. These parks would include fuel fabrication,
fuel reprocessing, radioactive waste management and
storage, and related facilities in addition to several power
reactors. The first proposal speaks often to twenty reactors
but notes that the sites seem to have the capacity to support
twenty to forty reactors. Lake Superior is an obvious
reservoir of cooling water in the North Central region.
Plans for floating nuclear power plants on the Great Lakes
have also been discussed.
Hence, there is a basis for argument that electricity
production might be significantly less than, or more than,
consumption in Minnesota. But assuming that production
and consumption will be equal, the consumption
projections can be translated into installed generating
capacity and number of power plants.
Depending on the type of cooling water system
employed, and the choice of fuel, a 1000 MW plant requires
between 1,000 and 3,000 acres of land. A source of cooling
water is necessary, as is rail or barge access, transmission
lines from the plant, and additional support facilities. The
land-use commitment and the environmental implications
are massive. If projected electrical growth continues,
Minnesota must soon decide whether it will require the
development of a few large energy parks - with many
generating units on a single site - or whether it will
continue the present policy of a proliferation of many small
sites. This will not be an easy decision for there are strong
arguments favoring both options. In addition, alternative
land-use considerations will become increasingly
important as pressures continue for maintaining
agricultural land for agricultural purposes and recreational
land for recreational purposes. During the process by
which the Henderson power plant site was selected, the
alternative of siting power plants in areas of the state
having relatively few alternative uses was introduced but
not seriously pursued. It is imperative that these
considerations be fully explored.
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APPROXIMATE NUMBER OF POI-IER
PLANTS IN ADDITION TO 1970 PLANTS
CONSUMPTION
ltlSTALLED CAPACITY IF EACH PLANT WERE OF SIZE
Billions, Kw-Hr
Megawatts
5DO MW
800 MW
·JOOD MW
950
.06
, 51
1960
9.03
2,434
l 2ZQ ________ 20. 35 -------------4,006 -------------------------------- _
1980
41
7,900
B
5
4
1990
85
16,300
24
15
12
2000
175
33,700
60
37
30

YEAR

100

50

0'-196_0_ _ _ _..il97-0_.__ _ _ _1..,.98-0--~--l..,_990,_------cc1000

NOTES:
a. Consumption and installed capacity for 1950-1970 from MEP-7~-1.
b. Consumption projecti ans for 1980-2000 based on same assumpt10ns as
used for Figure 2.
.
c. Installed capacity for 1980-2000 assumes approximately the same ratio
of installed capacity to consumption as for 1970.
.
d. The Monticello, High Bridge, Allen King, Black Dog, and each unit at
Prairie Island plants are approximately 500-600 MW.
e. Each unit of the new Sherburne County plant and the proposed new
coal-fired plant at Henderson, Minnesota are abou~ 800 MW.
.
f. The largest individual plants now under construct1on, and each unit of
the proposed nuclear plant at Durand, Wisconsin, are about lOOD-llOO
MW.

YUi
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Electrical generating plants in Minnesota could burn
fossil fuels or be powered by atomic fission. The
acceptability of nuclear power is being vigorously
questioned in Minnesota and there is little evidence that
this situation will change. Natural gas and oil will become
increasingly scarce fuels for generating electricity. But coal
is available.
The limiting case would be to assume that all of these
projected plants were to be fired with low-sulfur, western
coal which would be moved into Minnesota by unit train.
These considerations cannot be taken to be a precise
forecast for the future. But they lead to the realization that
continuation of the growth rates of the past - the
conventional business-as-usual forecast for the future implies a massive impact. We need only remember the
controversy which surrounded the siting of power plants
and transmission lines in the recent past to appreciate the
stresses which would be associated with the siting of tens of
additional power plants within the next few years.
Oil

As . has been previously mentioned, Minnesota's
refineries produce a significant fraction of Minnesota's
consumption of heating oils and gasoline. These refineries
are almost totally dependent on crude oil from Canada.
Canada is modifying its energy policy, and there is reason
to expect that Canada's exports of crude oil will experience
a major reduction. Where will Minnesota's refineries
obtain their crude oil and should they not find a source of
supply, how might that affect petroleum availability in
Minnesota and its neighboring states?
A related consideration is the location and operation of
pipelines from Alaskan oil fields. It has been decided that
the first pipeline from Alaska's North slope will pass
through Alaska to the Pacific coast. It is clear, however,
that there will be several more pipelines from Alaska to the
lower forty-eight states. Where will these terminate? Will
they pass through Minnesota, and if so when might they be
expected and what are the implications for the expansion
of oil refining in Minnesota?
Because of partial interchangeability of fuels,
consideration of natural gas and synthetic natural gas are
closely related to future oil availability.
Natural Gas

Northern Natural Gas Co., which supplies over 95% of
Minnesota's natural gas, has recently announced that
beginning with a ten percent reduction over the next two
years all gas supplies to large-volume users will be
terminated by 1979. This will mean an annual shift in
Minnesota of 85 billion cubic feet of gas from the largevolume users -enough to supply about 280,000 residential
customers for twelve months. This is equivalent to the
heating value of some 650 million gallons of home heating
oil, or over 40% of the fuel oil consumed in Minnesota in
1973. What fuel will compensate for this change in the
natural gas market? To what extent will the demands of the
affected large-volume users erode into the already tight
supplies of distillates for the residential, or small
commercial and industrial sectors? Finally, although the
announcement from Northern Natural Gas does not
32

address the point, it would appear that after 1979 there
could be further curtailment of natural gas supplies which
can only mean decreasing the availability of natural gas for
new, and possibly existing, residential and small
commercial users.
Searching for possible alternative sources of natural gas
gives little encouragement in the near term. The three most
promising prospects will not be available until about 1980
at best. It is thought that there is about as much natural gas
in Alaska as there is oil, and the most promising route for
the first natural gas pipeline from Alaska is across Canada
passing through or near to Minnesota. But this pipeline has
not yet been announced and construction would take
several years after finalization of the plans. Should there be
finds of natural gas and oil in as yet unexplored parts of the
Outer Continental Shelf, this gas could be brought to
Minnesota as to the rest of the nation. But this source too is
several years away. The other alternative is synthetic
natural gas (SNG) from coal. Although pilot plants are in
operation, and the first commercial plants have been
announced, there is little expectation that SNG wiU be
available before the early ! 980's.
There must be prompt and careful attention given to the
implications of reduced supplies of natural gas considered
in conjuction with the substantial uncertainties in the
future availability of oil.
As has been noted, the curtailment of natural gas
supplies to large users will achieve its desired goals only if
storage facilities are constructed such that gas delivered to
Minnesota in the summer is available to small users during
the heating season. It has been reported that several tens of
billions of cubic feet of gas might be involved. Minnesota at
present has only one large natural gas storage facility, and
it has a reported ultimate capacity of 3. 7 billion cubic feet.
Natural gas can be stored in two ways - either as gas or
after being liquefied. Our present storage facility is for gas
which is pumped into underground rock formations. The
Federal Power Commission has recently authorized
Minnesota's primary supplier of natural gas, Northern
Natural Gas Co., to construct the first large liquefied
natural gas facility in Minnesota. This plant will be
designed to liquefy gas at a rate of 10 million cubic feet per
day for storage in an above-ground tank having a net
capacity of 2 billion cubic feet equivalent of natural gas.
These liquefied natural gas facilities must be sited with care
for they pose certain safety problems.
Coal

Coal is found in many states, but a large fraction of the
low-sulfur coal is found in the West. Published data
indicate that tens of billions of tons of low-sulfur coal are
recoverable at current prices and with current technology.
A glance at the location of the Burlington-Northern
tracks in comparison with the locations of the strippable
coal reserves of the Dakotas, Montana, and Wyoming
suggests that large quantities of strip-mined coal ~ight
move through Minnesota on its way not only to
Minnesota's electric utilities and other industries, but
also to coal users to the east. Burlington-Northern has
already announced a ten million ton per year capacity
dock facility in the Duluth-Superior harbor. There are
plans for transfer facilities on the Mississippi River as
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well.
A recent study of the National Academy of Sciences has
included a summary of the estimates of the coal that might
be strip-mined in the Dakotas, Montana and Wyoming
through the year 2000.
1972
STATE
(actual)
~~ontana
8
N. Dakota
6.8
S. Dakota
a
Wyoming
9
TOTAL 23 .8

1975

10
7 .5

a
18

35. 5

1980
1985
1990
1995
(Million tons per year)
20
40
30
48
10
8
9
18
0.5
1
1
1
40
28
36
48
91
115
56.5
76

2000
58
28
1
58
145

These estimates do not include coal that might be used
for production of synthetic natural gas, nor do they reflect
the increases in coal utilization that are part of Project
Independence. The magnitude of the coal traffic which
would result from the exploitation of these reserves oflowsulfur, strippable, western coal is impressive. Noticeable
increases in train traffic, or in river barge traffic, in
Minnesota could occur.

YEAR
1980
1990
2000

PROJECTED
ELECTRICITY
CONSUMPTION
BILLIONS KW-HP
41
85
175

NOTES:
a. Assumes
b. Assumes
c. Assumes
d. Assumes

COAL
BURNED
Ml LU Otl TONS
20.6
42. 2
87. 5

APPROXIMATE
NUMBER OF
UNIT-TRAINS PER DAY
5 1/2
11 1/2
24

heat rate of 10,000 Btu per kilowatt-hours.
coal with heat value of 10,C.OO Btu per pound.
100 cars per train and 100 tons of coal per car.
that trains will run 365 days per year.

Western coal will also be converted to either electricity or
synthetic natural gas at facilities located in or near the coal
fields. The electricity and synthetic natural gas would then
be moved to load centers by high-voltage transmission lines
and gas pipelines. If one looks at a map and begins to draw
lines representing possible transmission line routes
between the Montana and Dakota coal fields and the load
centers to the east, a considerable number pass through
Minnes9ta. The associated land commitment and visual
impact is considerable and should not be taken lightly.
Although pipelines do not leave the lasting scar of electrical
transmission lines, their location and construction will be
of interest to large numbers of Minnesotans.
There are other ways that these coal-related
developments could impact Minnesota. Both electrical
production and conversion to SNG require large amounts
of water, and water is scarce where western coal is found.
There are three possible solutions to this problem: (I)
development of less water-intensive technologies, (2)
transport of additional water to the coal sites, or (3)
transport of coal to electrical plants or gasification facilities
located on bodies of water. The first of these options is
certainly a possibility, particularly in the case of minemouth electrical plants, but the other options are more
probable. The option of moving water to the coal should
not be generally discounted, but may prove to be
impractical for a variety of reasons both technical and
institutional. The option of moving coal to electrical plants
or gasification facilities located on the Upper Mississippi
River or Missouri drainage is a very real prospect. The
land-use and environmental implications to Minnesota
Journal of, Volume Forty, 1974

deserve serious attention.
Both mine-mouth electrical generation and coal
gasification plants located to the west of Minnesota involve
the atmospheric release of sulfur-oxides. To be sure, the
coal is initially low-sulfur and sulfur removal techniques
may be employed, but at least part of the impetus for
locating such plants in the relatively sparsely populated
western coal fields is that air quality requirements may be
significantly less stringent than those applied to coal
utilization near load centers. The situation is similar to that
existing in northern Europe where large quantities of coal
are burned in England and Germany with subsequent
sulfur-oxide releases. The prevailing winds carry the sulfur
compounds towards Scandinavia. This has resulted in
steadily advan_cing fronts of acid rain which began in
southern Sweden and have steadily advanced northward.
The acid rain has resulted in damage to land, forests, and
lakes. This is a long-term, chronic effect and there is no
obvious reason to think that a similar situation would not
develop downwind of any major sulfur-oxide source. It
, should be remembered that the prime agricultural region of
the Great Plains has a similar climatic .orientation to the
western coal fields. Whether or not similar sulfur-oxide
releases in these areas should be of concern to Minnesota
has not been established. However, the potential exists and
should be explored before, rather than after, the fact.
Impact of Rising Energy Prices

Other than differences related to the transportation of
the fuels themselves into Minnesota, there is no reason to
expect that Minnesotans will be faced with higher energy
prices than prevail elsewhere in the nation. There may be
secondary, and disadvantageous, impact on Minnesota
and other states similarly situated. The location of any
industrial facility depends upon many factors, including
the distance from the source of the raw materials and the
distance to markets. Minnesota is not in an advantageous
position with regard to these factors. Increasing energy
prices, and the implied increase in transportation costs,
could influence decisions to locate, or maintain, some types
of industrial activities in Minnesota.
Another obvious differential impact of rising energy
prices is associated with the need for space heating.
Although it might provide comfort, air conditioning is in
most cases not essential. Heating must be regarded as
essential given the reality of Minnesota winters. To the
extent that space heating is a factor in either commercial or
industrial operations, fuel prices will become increasingly
important in differential judgments.
Increasing scarcity of energy, and rising concern with the
efficiency of energy use, could also have an impact on the
mix of industrial activity in Minesota simply because of
shifts in demand for various products. Firms making
insulation should expand as should the activities of those
building trades associated with reducing heat loss from
buildings. Firms making inefficient appliances or energyintensive recreational vehicles may contract. Some effort
should be given to an examination of the prospects for the
various economic activities in Minnesota.
Increasing scarcity of energy will have a major impact on
agriculture. Minnesota is an agricultural state and these
impacts must be understood. The net impact is unclear. On
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the one hand the nation will rely more and more heavily on
agricultural exports to pay for increased imports of fuels.
To the extent that this causes increased prices for
agricultural products, it will be a benefit to Minnesota
agriculture. On the other hand, modern agriculture is
energy-intensive requiring large energy inputs both directly
as fuel and indirectly as fertilizers, chemicals, and heavy
machinery. Increasing energy scarcity and rising prices of
agricultural products may dramatically alter present
agricultural practices and lead to major shifts in the
production of various crops.

Other Developments
These illustrations only scratch the surface of the
potential energy related developments in Minnesota during
the next few years. No attempt has yet been made to set
:forth in any detail the structure of the electrical industry,
the location of the new pipelines or transmission Jines, or
the development of fuel storage facilities. In addition, there
is a need to assure some measure of coordination between
the several fuel systems.
The list of things which might influence, or be affected
by, energy decisions is very long. A short list of examples
might help to give a feeling for the kinds of things which
need consideration. Population increases might affect
energy demands, or high energy prices or prolonged
shortages might increase out-migration. The attractiveness
of the State as a place to locate or maintain an industry
might be affected by increased transportation costs or fuel
shortages. Recycling programs, too, might affect
Minnesota's industries, especially forest products and
mining. On the other hand, changes in energy supply could
provide a base for the development of new local industries.
The maintenance of high levels of agricultural production
will be greatly affected by energy prices and supply. Any
decision might affect the general quality of life in
Minnesota, and in each specific case the specific associated
impacts must be considered.
It is apparent that a lot of decisions need to be made. The
problems are complex and interrelated, and the answers
and their implications will greatly affect our future. The
State should consider the proposition that choices are often
made for those who do not choose. Minnesota can
influence its future, or it can be herded into the future on
the basis of decisions by the federal government or the
energy companies.
SUGGESTED READING
There are now a very large number of books, reports,
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and articles dealing with energy technology and energy
policy. Some reports that should be of particular interest to
the general reader who is interested in energy policy
options are:
(I) Ford Foundation Energy Policy Project, Exploring
Energy Choices, The Energy Policy Project, P.O. Box
23212, Washington, D.C. 20024 (paper, 75 cents a copy or
60 cents a copy for orders of 50 or more - all orders must
be prepaid).
This is by far the best discussion of energy policy
choices that has yet been written. It is the preliminary
report of the Energy Policy Project. A final, booklength, report.was to be issued later and about 18
technical reports were scheduled during 1974.
Detailed information about the other reports can be
obtained by writing the Project or its publisher:
Ballinger Publishing Company, 17 Dunster St.,
Cambridge, Massachusetts, 02138.
(2) Chase Manhattan Bank, Outlook For Energy In The
United States To 1985, paper, 1973 (Available without
charge from the bank).
This report is short, very well written, and presents as
lucid an account of the conventional view of the
energy future as is available.
(3) Allen L. Hammond, William D. Metz, and Thomas
H. Maugh, Energy and The Future, American Association
for the Advancement of Science, I 973.
This book concentrates on the more technical aspects
of energy supply and demand. Essentially all
alternative energy supply options, both those
available now and those in various stages of research
and development, are discussed. Although technical
material is presented, it is done in a way to be readable
by the general reader. It is an excellent book.
(4) Minnesota Energy Project Reports: There are now
several reports from the Minnesota Energy Project (MEP).
Several more will be prepared within the next few months.
The reports currently available are:
• Steven Emmings, Minnesota: Historical Data on
Fuels and Electricity, MEP-74-1, January 1974.
• Samuel W. Rankin, Minnesota: Energy Use in
Schools, MEP-74-2, February 1974.
• MEP Staff, Minnesota: Energy Use Totals and
Conversion Factors, MEP-74-3, February 1974.
• John Gostovich, Minnesota: Energy Requirements
for Crop Production, MEP-74-4, April 1974.
• Dean E. Abrahamson, Minnesota: A Primer on
Energy Options and Implications, MEP-74-5, April
1974.
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